Aim of the study: We aimed to measure lipid peroxidation and antioxidant enzymes in erythrocytes before and after ischemiareperfusion in a rat hindlimb model, and to compare the effects of reperfusion with Vitamin C and dexamethasone on the erythrocyte antioxidant capacity.
INTRODUCTION
Erythrocytes are very susceptible to free radical-induced lipid peroxidation and are basic elements to be involved in the ischemia-reperfusion (I-R) injury. These cells are continuously exposed to high concentration of oxygen molecules and oxidative stress induced changes has been shown to occur in erythrocytes ( 1 , 2 ). They have been shown to be affected by several oxidative stress conditions such as intoxication, infections, hyperlipoproteinemia, diabetes mellitus, cigarette smoking ( 3 , 4 , 5 , 6 ). I-R injury causes oxidative stress and impairs the erythrocyte antioxidant defense mechanisms. Excessive peroxidation of biomembranes is accepted as one of the processes by which tissues can be damaged during I-R ( 7 ). Reactive oxygen species can induce the oxidation lipids and proteins triggering disruptions in the erthrocyte membrane and eventually lead to hemolysis. Nutritional supplementation of multivitamin can beneficially modify defense system as indicated by the improved antioxidant vitamin status and elevated antioxidant enzymatic activities. Vigorous physical activity can also decrease the blood antioxidant defense capacity ( 8 ) . Therefore, the antioxidant defense of the erythrocytes can be regarded as a dynamic system which is mainly affected by nutritional intake and systemic health status.
The antioxidant defense system consists of enzymes and antioxidant substances inluding tocopherols, ascorbic acid and ceruloplasmin and albumin. The function of these systems is to keep free radicals under or at physiological levels. Ascorbic acid (AA), a plasma antioxidant and administration of AA prevented the immediate postnatal drop in AA and was not associated with evidence of hemolysis ( 9 ). Water soluble chain-breaking antioxidants such as AA can scavenge radicals residing aqueous phase. At time of reperfusion in skin flap salvage use of glucocorticoids, such as dexamethasone, has been shown to decrease I-R injury ( 10 ). The purpose of the present study were: 1) to determine the changes in the antioxidant levels of erythrocytes during I-R injury for assesment of the oxidant injury severity after ischemia-reperfusion in a rat hindlimb model, and 2) to determine the effects of AA and dexamethasone treatment on erythrocyte antioxidant capacity during reperfusion in a rat hindlimb model.
MATERIAL AND METHODS
Female wistar rats weighing 250-350g were used in this study. All animals were housed in wire bottomed cages and allowed free access to standart rat chow and water. They were anesthetized with pentobarbital sodium 42 mg/kg intraperitoneally and with periodic supplementation (10mg/kg intraperitoneally) as needed. An ischemic model using the rat hindlimb was developed as previously described( 11 ). Bilateral groin incisions were made and iliac vessels were dissected. All surrounding tissues, except artery and vein were transected in order to prevent collateral circulation from the pelvis. The left iliac vein was canulated (24G, neoflon, Sweden) for drug administration and right iliac artery was separated for occlusion. Animals were divided into three groups, 7 rats in each as follows; Group 1 was the control group or the sham-operated group Group 2 was the short ischemia-reperfusion group. Group 3 was the long ischemia-reperfusion group. Group 4 was the short ischemia and reperfusion with AA. Group 5 was the short ischemia and reperfusion with dexamethasone. Group 6 was the double extremity I-R with short duration group. Table I summaries the details of groups. In all I-R groups except group 1, a non-traumatic vascular clamp (Acland, V3 vascular clamp) was placed accross the right iliac artery for 45 minutes in group 2 and for 3 hours in group 3. During this time, normal saline 1ml/kg/hr, were administered via left iliac cannula. In group 4 and 5 AA and dexamethasone at 15 mg/kg and 10 mg/kg doses within SF solution were administered at the same infusion rate, respectively. At the end of ischemic time, the clamp was removed from the right iliac artery and reperfusion started. In group 6, both iliac vessels were clamped and reperfusion was done via left jugular cannula. Reperfusion continued in group 2 for 45 minutes and in group 3 for 3 hours. In group 1, all the same procedure were done except vascular occlusion. Blood samples were taken from inferior vena cava for measurements of antioxidant enzymes activities and levels of reduced glutathione (GSH), thiobarbituric acid reactive substances (TBARS) in erythrocytes at the end of reperfusions in groups. In group 1, blood samples were taken just after the skeletalisation of the iliac artery and the iliac vein without clamping. After centrifugation of the blood, plasma and erythrocyte were separated. Erythrocyte was washed three times with 0.9% NaCl solution and packed. Erythrocyte and plasma were then stored at ?85 °C until study. The experiment was approved by our Institutional Committe of Animal Care. 
Improved Preservation Of Erythrocyte Antioxidant Capacity With Ascorbic Acid Reperfusion After Ischemia: A Comparative Study In A Rat Hindlimb Model

DETERMINATION OF CATALASE ACTIVITY IN ERYTHROCYTE
Catalase (CAT, EC 1.11.1.6) activity was determined according to Aebi's method ( 12 ) . The principle of the assay is based on the determination of the rate constant (s -1 , k) or the H 2 O 2 decomposition rate at 240 nm.
DETERMINATION OF SUPEROXIDE DISMUTASE ACTIVITY IN ERYTHROCYTE
Total (Cu-Zn and Mn) SOD (EC 1.15.1.1) activity was determined according to the method of Sun et al. ( 13 ) . The principle of the method is based on the inhibition of NBT reduction by the xanthine-xanthine oxidase system as a superoxide generator. Activity was assessed in the ethanol phase of the sample after 1.0 ml ethanol/chloroform mixture (5/3, v/v) was added to the same volume of sample and centrifuged. One unit of SOD was defined as the enzyme amount causing 50% inhibition in the NBT reduction rate.
DETERMINATION OF REDUCED GLUTATHIONE LEVEL IN ERYTHROCYTE
The level of reduced glutathione (GSH) in erythrocytes was determined by a modification of the method of Ellman ( 14 ) . Erythrocyte were deproteinated by addition of trichloroacetic acid (TCA). DTNB [5,5'-dithiobis(2-nitrobenzoic acid)] was added to supernatants cleared by centrifugation (10 min, 3000 g/min). The formation of 5-thio-2-nitrobenzoic acid, which is proportional to total glutathione concentration, was monitored at 412 nm at 25°C against reagent controls.
DETERMINATION OF THIOBARBITURIC ACID REACTIVE SUBSTANCES LEVEL IN ERYTHROCYTE
The erythrocyte thiobarbituric acid reactive substances (TBARS) level was determined by a method ( 15 ) based on the reaction with thiobarbituric acid (TBA) at 90-100 °C. In the TBA test reaction, malondialdehyde (MDA) or MDAlike substances and TBA react with the production of a pink pigment having an absorption maximum at 532 nm. The reaction was performed at pH 2-3 at 90 °C for 15 min. The sample was mixed with two volumes of cold 10% (w/v) trichloroacetic acid to precipitate protein. The precipitate was pelleted by centrifugation, and an aliquot of the supernatant was reacted with an equal volume of 0.67% (w/v) TBA in a boiling water bath for 10 min. After cooling, the absorbance was read at 532 nm. The results were expressed according to a standard graphic which was prepared from a standard solution (1,1,3,3-tetramethoxypropane).
STATISTICAL ANALYSIS
The results were expressed as means +/-SE (standart error) and data was analysed using two-way analysis of variance. SOD, CAT, GSH-Px, MDA were used as dependent variables. Time, number of ischemic extremity, vit C and dexamethasone administration were used as factors in the ANOVA. Bunferoni Posttest was used for pair-wise comparisions after ANOVA. P-values less than 0.05 were regarded as statistically significant.
RESULTS
The results are summarized in Table II . Control group erythrocytes showed significantly higher TBARS levels than other groups (p<0.001). GSH levels in control group erythrocytes were also significantly higher than the levels of other ischemia-reperfused groups (p<0.001 and p<0.0001). Intraerythrocyte SOD levels of ischemia-reperfused groups had significantly lower than controls (p<0.001).
Intraerythrocyte catalase levels showed a marked decrease in all groups except the group of i-r with AA (p<0.001). In this group the level of significance was at p<0.01 level. Interesting results were obtained, when multiple comparisions were done. One of these, significant decreases in Cat, SOD, and GSH levels occurred in one i-r extremity group, when compared with double extremity i-r group (p<0.05, p<0.001, and p<0.01, respectively). When comparing reperfusion with AA and dexamethasone in i-r groups, reperfusion with AA yielded a more improved levels in some antioxidants, i.e. catalase with a p value of 0,001 and GSH with a p value of 0.01. TBARS levels were also significantly lower in i-r group reperfused with AA (p<0.01). Short and long duration of i-r groups showed only difference in respect of GSH content of erythrocytes, the result was in short i-r group's favour (P<0.01).
DISCUSSION
Erythrocytes are the first to react to increased activity of free radical oxidation and to exhaust their compensatory potential. Previous studies on erythrocyte antioxidant capacity and human disease relation showed that some changes in activities of the antioxidant enzymes in the cell may occur ( 16 ). GPX, reduced Glutathione (GSH), SOD, and CAT were measured in homogenous group of patients with untreated hairy cell leukemia and normal controls. GPX, CAT and SOD activities were significantly lower than in normal ( 17 ). The components of the blood antioxidant systems take a direct part in molecular mechanism of the body adaptation under conditions of viral hepatitis infections ( 18 ). It has been shown that cardiogenic shock patients had higher MDA and conjugated dienes and reduced activities of erythrocyte antioxidant enzymes and lower concentration of GSH, AA ( 19 ). In another study, patients with acute myocardial infarction has been shown to have low erythrocyte antioxidant enzyme activities and remains low during the post-infarction period of 7 days in patients without successful reperfusion ( 20 ). The post-transplantation period has been reported as characterized by progressive decrease in plasma total antioxidant status after successful transplantation ( 21 ). A markedly decreased antioxidant capacity seems to be a clinical picture in patients operated with cardiopulmonary bypass ( 22 ) . Changed erthrocyte antioxidant activities were reported during I-R of the hearth ( 23 ). Decreased activities of SOD, Cat and low concentrations of GSH, AA and Vitamin E have been regarded as the result of increased utilization to scavenge peroxides ( 24 ). Plasma viscosity remains stable in serum oxidation of different degree, and therefore erythrocytes are responsible for changes in blood rheology during intensification of free radical oxidation ( 25 ).
It was proposed that a superoxide anion channel allows the transport of superoxide and other free radicals into the red cell, where they are deactivated by the erythrocyte antioxidant system which effectively prevents extensive oxidative damage to tissues ( 26 ) . In addition to its function of gas exchange, the erythron provides a mechanism for the inactivation of reactive oxygen and oxide radicals in vivo. In carrying out this function, individual erythrocytes undergo changes in biochemical and structural properties, which are reflected by shape and functional alterations. This study primarily concerns with biochemical parameters of erythrocytes at the pre-and post-I-R injury. Although the exact mechanisms that lead to RBC deformability and shape changes after trauma/hemorrhagic shock remain unknown, these may be related with oxidative stress and its biochemical alterations in the erythron. Maturation of erythrocytes decreased GSH and all antioxidant enzymes. These maturational alterations are further intensified in diabetic 2 types ( 27 ). This study clearly shows that both short and long I-R injury decreases antioxidant enzymes of RBCs. Additionally this study compares the different amount of tissues, i.e. one extremity and double extremity, which rendered to I-R injury in the same experimental design. Hypothetically, the much tissue exposes to I-R injury, the more free radical damage occurs that eventually exhausts the antioxidant capacity of RBCs.
The erythrocyte has several membrane systems to protect itself against oxidation damage and hemolysis; these systems include superoxide dismutase, glutathione peroxidase and catalase. In clinical settings, it has been shown that multivitamin supplementation increase the antioxidant capacity ( 28 ). In this experimental setting adding AA to reperfusion solution had an improved effect only catalase level of ertyrocytes and this may be a reflection of the increased resistance of the erythrocytes to I-R injury due to AA supplementation. One of the most striking finding in our study was that TBARS in control and I-R with AA groups showed no significant difference (p>0.005). This may reflect the conservative effect of AA during ischemia-induced reperfusion in systemic blood.
CONCLUSION
We conclude that high-dose vitamin C administration diminishes early lipid peroxidation and preserves the erythrocyte antioxidants after ischemia-reperfusion injury.This positive effect may help to maintain erythrocyte structural integrity after long lasted ischemia and following reperfusion. The findings of the study confirms the benefical effects of vitamine C seen previous studies ( 29 ) . It is clear that some limitations present in this study.Although rats as an experimental model may not be a good model as they can synthesis AA, it was previously shown that high dose treatment with vitamin C could have scavenging effect on i-r injury and enhance the ischemia-reperfused skin flap survival in adult Sprague-Dawley rats ( 30 ). Future studies executed on rats mutant unable to synthesize AA will delineate the effects of vitamin C related to the subject ( 31 ).
